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(54) Title: STENT AND CATHETER ASSEMBLY AND METHOD FOR TREATING BIFURCATIONS 




(57) Abstract: An apparatus and method is provided for stenting bifurcated ves- 
sels. A proximal angled stent is configured for implanting in a side-branch vessel 
wherein the proximal angled stent has an angulated portion that corresponds to the 
angle formed by the intersection of the side-branch vessel and the main vessel so 
that all portions of the side-branch vessel at the bifurcation are covered by the proxi- 
mal angled stent. A main-vessel stent is provided for implanting in the main vessel, 
wherein the main-vessel stent has an aperture or stent cell that aligns with the open- 
ing to the side-branch vessel to permit unobstructed blood flow between the main 
vessel and the side-branch vessel. Side-branch and main-vessel catheter assemblies 
are advanced over a pair of guide wires for delivering, appropriately orienting, and 
implanting the proximal angled stent and the apertured stent. In one embodiment, a 
stent delivery assembly is provided for implanting a Y-shaped stent in a bifurcated 
vessel. A dual balloon Y-shaped catheter is provided having two expandable mem- 
bers. The catheter is delivered over a guide wire while a restraining member holds 
the expandable members together for low profile delivery. 
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STENT AND CATHETER ASSEMBLY AND METHOD 
FOR TREATING BIFURCATIONS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to stent deployment assemblies for use at a bifurcation 
and, more particularly, a catheter assembly for implanting one or more stents for 
repairing bifurcations, the aorto-ostium, and bifurcated blood vessels that are diseased, 
5 and a method and apparatus for delivery and implantation. 

Prior Art 

Stents conventionally repair blood vessels that are diseased and are generally 
hollow and cylindrical in shape and have terminal ends that are generally perpendicular 
to its longitudinal axis. In use, the conventional stent is positioned at the diseased area 
10 of a vessel and, after placement, the stent provides an unobstructed pathway for blood 
flow. 

Repair of vessels that are diseased at a bifurcation is particularly challenging 
since the stent must overlay the entire diseased area at the bifurcation, yet not itself 
compromise blood flow. Therefore, the stent must, without compromising blood flow, 

15 overlay the entire circumference of the ostium to a diseased portion and extend to a 
point within and beyond the diseased portion. Where the stent does not overlay the 
entire circumference of the ostium to the diseased portion, the stent fails to completely 
repair the bifurcated vessel. Where the stent overlays the entire circumference of the 
ostium to the diseased portion, yet extends into the junction comprising the bifurcation, 

20 the diseased area is repaired, but blood flow may be compromised in other portions of 
the bifurcation. Unopposed stent elements may promote lumen compromise during 
neointimalization and healing, producing restenosis and requiring further procedures. 
Moreover, by extending into the junction comprising the bifurcation, the stent may 
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b ,oc k access to portions of the boated vessel that rerptire performance of further 
intet ventiona, procedures. Si.oi.ar problems are encountered when vessels „ 

vein graft .n .his circumstance, a s,e„. overlying .he entire circumference ft 
ostium extends bacic into fte aorra, creating problems, inCuding .hose for repea. 
ra ,he,er access to the vessel involved in further interventional procedures 

Conventional stents are designed to repair areas of Wood vessels that are 

a„ gl es ,0 its longitudina, axis, fte use of conventional stents in .he region of a vesse 
JLtion may result in blodcng b.ood flow of a side branch or fa to reparr ft 
nation to the ful.es. extern necessary. The conventional stent 

th eb,Ltion„rex,endso 6 ras.ocor„ple.e,ycoverftepafto f h,oodflow m as* 
bl a„ch. The conventional stent might alternative,, be placed proxrma, ,0, bu no 
, entirely overlaying .he circumference of fte ostium to the diseased ponton. Such a 
portion of the conventional stent resul* m a bflbrcation tha, is not comple** 
epaired. The only co„ceivab,e Nation tha, fte conventional stent, havmg nght- 

^airedwithoutcompromisingbloodflow.iswhereftebifurcationisformeon 

, angles. In such scenarios, extremely precise positioning of fte conventmna, s en, 
r e ui red.Tb,sex,remelyprecisepo S ition,ngo f .h=conve„,iona,s,cn,mayresn,,w,«h 

, te right-angled terminal ends of the conventional stent overlying the eo.n 
circumference of fte ostium to the diseased portion without ex.endmg mm a 
branch, thereby completely repairing the right-angled bimrcabon. 

To circumvent or overcome the problems and limitattons assorted wUh 
conventionalstentsinftecontextofrepairingdiseasedbimmatedvesse.s.astenttha, 

aoesnotextendinto.hejnnctioncomprisingthebinrrcation.maybeemployed. h 
ast =„ t wou,dhavefteadvan,a g eofco m p,e,e,yrepa i ringtheve S se 1 a„heb,furca.,on 
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without obstructing blood flow in other portions of the bifurcation. In addition, such 
a stent would allow access to all portions of the bifurcated vessel should further 
interventional treatment be necessary. In a situation involving disease in the origin of 
an angulated aorto-ostial vessel, such a stent would have the advantage of completely 
5 repairing the vessel origin without protruding into the aorta or complicating repeat 
access. 

In addition to the problems encountered by using the prior art stents to treat 
bifurcations, the delivery platform for implanting such stents has presented numerous 
problems. For example, a conventional stent is implanted in the main vessel so that 

1 0 a portion of the stent is across the side branch, so that stenting of the side branch must 
occur through the main- vessel stent struts. In this method, commonly referred to in the 
art as the "monoclonal antibody" approach, the main- vessel stent struts must be spread 
apart to form an opening to the side-branch vessel and then a catheter with a stent is 
delivered through the opening. The cell to be spread apart must be randomly and 

1 5 blindly selected by recrossing the deployed stent with a wire. The drawback with this 
approach is there is no way to determine or guarantee that the main- vessel stent struts 
are properly oriented with respect to the side branch or that the appropriate cell has 
been selected by the wire for dilatation. The aperture created often does not provide 
a clear opening and creates a major distortion in the surrounding stent struts. The 

20 drawback with this approach is that there is no way to tell if the main-vessel stent struts 
have been properly oriented and spread apart to provide a clear opening for stenting 
the side-branch vessel. 

In another prior art method for treating bifurcated vessels, commonly 
referred to as the "Culotte technique," the side-branch vessel is first stented so that the 

25 stent protrudes into the main vessel. A dilatation is then performed in the main vessel 
to open and stretch the stent struts extending across the lumen from the side-branch 
vessel. Thereafter, the main-vessel stent is implanted so that its proximal end overlaps 
with the side-branch vessel. One of the drawbacks of this approach is that the 
orientation of the stent elements protruding from the side-branch vessel into the main 
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vesse, is con.ple.ely random. Further the deployed s«e„« must be recrossed with 

vesse, aching *. stent 4* is before sandom, .eaving .he poss-brhty 
restricted access, lumen dilatation, and major stent drstoruon 

,„ another prior art deviee and method of imp.an.mg stents, a T 
procedure includes imping a stent in the side-hranch osrinm of me hrfurcarion 
Lowed by anting the main vesse. across the aide-branch ostium, .n another P„or 

a.ide-branchsten.par.ial.ye^nding into dremain vesse. creatmgadoub.e-barte.ed 
„ , um e„ of me two stents in the main vesse, dista. ,0 the b,furca.ion. Another pnor art 
apP r„ach includes a so-called ".rouser ,egs and sea," approach whrc — 

port i„„„fmema i nve K e.,andamirdsten,,oraproxima 1 s«en,,,n,hemamvesse. J u St 

oroximal to the bifurcation. 

All of me foregoing stent deployment assembhes suffer from the same 
P rob,ems and .imitations. TypicaUy, there is uncovered intima, surface segments on 

flap or f„,d in the intima or P la<,ue wi,. invite a "snow P ,oW effect representing a 

20 restenosis. Further, where portions of me stent are ,efi unopposed wrthm .be .urnen, 

oeen successfu,, me side-branch vesse. can be -jaded" or covered so that mere • 

solves these and other problems as will be shown. 

,„ addition to problems encountered in .rearing disease mvo.vmg 
bifurcations for vesse, origins, difficutty is also encountered in tieating disease 
confined to a vesse, segmen, but extending very Cose to a dista, brunch pom, 
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bifurcation which is not diseased and does not require treatment. In such 
circumstances, very precise placement of a stent covering the distal segment, but not 
extending into the ostium of the distal side-branch, maybe difficult or impossible. The 
present invention also offers a solution to this problem. 
5 References to distal and proximal herein shall mean: the proximal direction 

is moving away from or out of the patient and distal is moving toward or into the 
patient. These definitions will apply with reference to body lumens and apparatus, 
such as catheters, guide wires, and stents. 

SUMMARY OF THE INVENTION 

10 The invention provides for improved stent designs and stent delivery 

assemblies for repairing a main vessel and side-branch vessel forming a bifurcation, 
without compromising blood flow in other portions of the bifurcation, thereby 
allowing access to all portions of the bifurcated vessels should further interventional 
treatment be necessary. In addition, it provides an improved stent design and stent 

1 5 delivery system for repairing disease confined to the aorto-ostium of a vessel without 
protrusion into the aorta. The stent delivery assemblies of the invention all share the 
novel feature of containing, in addition to a tracking guide wire, a second positioning 
wire which affects rotation and precise positioning of the assembly for deployment of 
the stent. 

20 The present invention includes a proximal angled stent for implanting in a 

side-branch vessel adjacent to a bifurcation. The cylindrical member can have 
substantially any outer wall surface typical of conventional stents used, for example, 
in the coronary arteries. The cylindrical member of the proximal angled stent has a 
distal end forming a first plane section that is substantially transverse to the 

25 longitudinal axis of the stent. The proximal end of the stent forms a second plane 
section that is at an angle, preferably an acute angle, relative to the longitudinal axis 
of the stent. The acute angle is selected to approximately coincide with the angle 
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formed by me intersection of the side-branch vessel and the main vesse, so that no 
portion of.be atented area in the side-brancb vesse, is .eft uncovered, and no portton 
of the proximal angled stent extends into the main vessel. 

A second stent is provided for implanting in the main vessel adjacent to a 
5 bifurcation in which a cylindrical member has Ml and proximal ends and an outer 
wall surface therebetween, which can typically be similar to the outer waU surface o 
stems used in .be coronary arteries. An aperture is formed tame outer wall surface of 
the apertured s,en. and is s.zed andpositioned on the ou.er wall surface so <ha. when 
te apertured s.en. is imp.an.ed in the main vesael, me aperture is aligned w„h me 
,0 side-branch vesse, and me proximal angled stent in .be side-branch vesse,, provthng 
unrestricted blood flow from the main vessel mrough to me side-branch vessel. 
Deployment of the angled and apertured s.en.s is accomplished by a novel stent 
delivery system adapted specifically for treating bifurcated vessels. 

,» one embodiment for implanting me proximal angled stent, a side-branch 
,5 ca.he.er is provided in which a tracking gnide wire lumen extends within a. leas, a 
portion of the side-btanch catheter, being destgned to be euher an over-.he-w.re or 
ra pidexchange.«ypecame.e,Anexpandab,e m emberisdispo S eda,medisU.e„do 

the side-branch catbete, A .racking guide wire is provided for s,idab,e movemen 
within the tracking guide wire ,umen. A positioning guide wire lumen is associated 
20 with the ca.he.er and .he expandable member, such tha, a portion of the posiuomng 
guidewirCumenisontbeontersurfaceofmeeameteranditapproachesmeproxtmal 

end of me outer surface of the expandable member. A stem-positioning gnide wtre ts 
provided for slidable movemen, within ,he posi.ioning htmen. The proximal ends of 
the tacking and ^-positioning guide wires ex,e„d on, of me patien, and can be 
25 simuhaneously manipula,cd so ,ha, me end of ,he ^-positioning gmde wue 
is advanced in the main vesse, distal ,0 a side-brancb vessel, and ,he dis,a. end of ,he 
racking gnide wire is advanced in.o me side-brancb vesse, dis«, ,o me ,arge, are, 
ln one embodimen,, ,he s,en,-posi,ioning guide wire ,umen includes an a„gu.a,ed 
section so una, me s,en,-po S i,ioning guide w,re advanced in ,he main vessel d,s,a, ,0 
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the side-branch vessel results in rotation causing the proximal angled stent to assume 
the correct position in the side-branch vessel. The positioning lumen functions to 
orient the stent-positioning guide wire to rotate or torque the side-branch catheter to 
properly align and position the proximal angled stent in the side-branch vessel. 
5 The side-branch catheter assembly is capable of delivering the proximal 

angled stent, mounted on the expandable member, in the side-branch vessel. The side- 
branch catheter could also be configured for delivering a self-expanding proximal 
angled stent. 

The stent delivery system of the present invention further includes a main- 

1 0 vessel catheter for delivering a stent in the main vessel after the side-branch vessel has 
been stented. The main-vessel catheter includes a tracking guide wire lumen extending 
through at least a portion thereof, and adapted for receiving a tracking guide wire for 
slidable movement therein. An expandable member is positioned near the main-vessel 
catheter distal end for delivering and implanting a main-vessel (apertured) stent in the 

1 5 main vessel. The main-vessel stent includes an aperture on its outer surface which 
aligns with the side-branch vessel. A positioning guide wire lumen is associated with 
the expandable member, and is sized for slidably receiving the stent-positioning guide 
wire. The stent-positioning guide wire slides within the positioning guide wire lumen 
to orient the expandable member so that it is positioned adjacent to, but not in, the 

20 side-branch vessel with the stent aperture facing the side-branch ostium. 

In one embodiment, both the side-branch catheter and main-vessel catheter 
assemblies include the so-called rapid exchange catheter features which are easily 
exchangeable for other catheters while the tracking and positioning guide wires remain 
positioned in the side-branch vessel and the main vessel, respectively. In an alternate 

25 embodiment, both catheters may be of the "over-the-wire" type. 

The present invention further includes a method for delivering the proximal 
angled and the main-vessel (apertured) stents in the bifurcated vessel. In one 
embodiment of the side-branch catheter system (side-branch catheter plus proximal 
angled stent), the distal end of the tracking guide wire is advanced into the side-branch 
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vessel and distal to .he targe, are, Tire s,de-branch ea.he.er is .hen advaneed along 
the .racking guide wire un.i, .he distal end of .he ea.he.er is jus. proximal of entering 
,he side-branch. The distal end of fine integrated, stem-positioning guide w,re ,s .hen 
advanced by .he physician pushing fire guide wire from outside .he body. The d.sta 
5 endof.hestent-posi.iomngw.re^ve.sfcough.heposi.ioningguidewirelun^nand 

passesclose.oflreproximalendof.heproxima. angled stent and expandable member 
and exirs me lumen. The wire is advanced in .he main vessel until fire distal end ,s 
<W .o the side-branch vessel. The ca.he.er is Hen advanced in.o the side branch 
unfi. reduce is felt from the s,en,-pos,tionmg guide wire pushing up agatns, fine 
,0 ostium of the side-branch vesse, causing .he proxima, angled stem to rotate mto 
position anda^ingi* advancements ostium. Thereafter, , he proximal angled 
stem, mourned on .he expandab.e member, is aligned across .he .arge. area and .he 
a „ gl e d proxima,e„dofunes.en,isa,igne <i a„hein t er S ec.ionofme side-branch vessel 

andlhemain vesse.(.he ostium of me s,de-branch vessel) so ma, tine s.en, completely 
15 covers fine barge, area in fine side-branch vessel, ye, does no, ex,end into fite man, 
vesse!, .hereby blocking blood flow. The expandable member is expanded .hereby 
expanding and implanting the proximal angled stent in fine side-branch vesse,. The 
posi.ioningwnrepreven.sforwardmoven^n.of.heexpandablememberandpro.mal 

angled s,en, during inflation. Thereafter, fine expandable member is deflated and fine 
20 side-branch cafinCer assembly is witindrawn from fine patient in a known raprd- 
exchange manner. In mis embodimen,, the side-branch catheter is designed so that 
both the side-branch necking guide wit, and main-vessel positioning guide w,re can 
be left in fineir respective vesse.s should sequential or simultaneous high pressure 
ba „oo„ inflation be required in each of fine vessels in order ,o complete 
25 procedure. In other words, fine integrated positioning wire can be unzipped from tine 
proxima. 100 cm of the catheter .hereby allowing it to act as a rapid exchange w.re 
Preferably, high pressure balloons are inflated simultaneously in the main vesse land 
proxmta, ang,ed stems in order to avoid defomung one stem by unopposed balloon 
inflation within tine other one. Th,s addmona, step of high pressure balloon mflauon 
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is a matter of physician choice. A further advantage of this embodiment is that by 
waiting to advance the integrated stent-positioning wire out of catheter only when the 
catheter distal end is near the target area, wire wrapping, encountered in an 
embodiment utilizing two non-integrated guide wires, is avoided. Utilizing this 
method, the side-branch vessel can be stented without the need for stenting the main 
vessel. 

In an aorto-ostial application of the side-branch catheter assembly (side- 
branch catheter plus proximal angulated stent), the positioning wire is advanced into 
the aortic root while the tracking wire is advanced into the right coronary or vein graft 
whose angulated origin is to be stented. After advancement of the proximal-angled 
stent, mounted on the expanding member, it is aligned across the target area and the 
angled proximal end of the stent is aligned at the ostium. 

In the event that the main vessel is to be stented (with the stent placed across 
the bifurcation site), the proximal end of the main-vessel guide wire is inserted into the 
distal end of the guide wire lumen of the main- vessel catheter. The side-branch wire 
would be removed from the side branch at this time. The main-vessel catheter would 
then be advanced into the body until the catheter is within one cm or so of the target 
site. The distal end of the second (integrated, stent-positioning) guide wire, which 
resides in the main-vessel catheter during delivery to the main vessel, is then advanced 
by having the physician push the positioning wire from outside the body. The distal 
end of the stent-positioning wire travels through the positioning guide wire lumen and 
passes underneath the proximal half of the stent until it exits at the site of the stent 
aperture or a designated stent cell where an aperture can be formed. The catheter is 
then advanced distally until resistance is felt from the stent-positioning guide wire 
pushing up against the ostium of the side-branch vessel indicating that the stent 
aperture is correctly facing the side-branch vessel ostium and is aligned with the 
proximal end of the proximal angled stent. Thereafter, the expandable member on the 
main-vessel catheter is inflated, thereby expanding and implanting the main- vessel 
stent into contact with the main vessel, with the aperture in the stent providing a flow 
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pathforthebloodfromthe mam vessel through «0 the side-branch vessel wi.hou.any 
obstructions. The expandable member is deflated and .he main-vessel caeheler ts 
ramoved from .he body. The main-vessel catheter is designed so tha. bo.h .he mam- 
vessel guide wire and side-branch wire can be .eft in their respective vessels should 
sequential or simultaneous h,gh pressure balloon inflation be required in each of the 
vessels in order to complete the sten.ing procedure. The presence of the stem- 
positioning wire in the stent aperture pemtits catheter access through mis aperture tnto 
the side-branch vessel for balloon inflation to smooth out the aperture m the mam- 
vessel stent. This additional step is a matter of physician choice. 

Utilizing this method, the main vessel can be stented without the need for 
stenting the side-branch vessel. An advantage of this embodiment is that a major s,de 
branch, no, diseased and requiring treatment, exiting from a main vessel requmng 
stenting, may be protected by the positioning wire while the main vesse. is stented. If 
"snowplowing" compromise or closure of the side-branch vessel occurs with mam- 
vessel stenting, then access is already present and guaranteed for stenting of the stde- 
branchvesselover the wirealready in place in the manner described above. Th.swd. 
allow conftdentstentingofamam vesse. segment containing a major side branch. In 
this usage, only if compromise or occlusion of the sidebranch occurs, will addmonal 

stenting of the side branch be required. 

in an alternative embodiment, a main-vessel stent that does not have an 
aperture on its outer surface is mounted on the main-vessel catheter and is implanted 
ta ,he main vessel so that it spans the opening to the side-branch vessel. Thereafter, 
a balloon catheter is inserted through a targeted (non-random) stem cel. of the mam- 
vesse. stent, which is centered ptecise.y facing the side-branch ostium, so tha, the 

« ' t n Lrt^ *Trrxr\rt>t\ nvf»r trie 



vessel stent, which is cemercu v ^^ } — D 

balloonpartiallyex.endsin.o.heside-branchvesscl.Thisba.loonhas.rachedoverme 
posiUoningwirewhichhasbeen.ef.inp.ace through Utetargeted stent cell duringand 
after deployment of the main vesse. stent. The balloon is expanded, fortmng an 
opening through the stent stntts mat corresponds to the opening of the side-branch 
vessel.providmgablood-flow path through. he main vesse. and main-vesse. stem and 
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into the side-branch vessel A proximal angled stent mounted on a side-branch 
catheter is then advanced through the main-vessel stent and the opening formed in the 
targeted stent cell through to the side-branch vessel. The proximal angled stent is 
expanded and implanted in the side-branch vessel so that all portions of the side- 
5 branch vessel are covered by the stent in the area of the bifurcation. After the main- 
vessel stent and the side-branch vessel proximal angled stent are implanted, an 
uncompromised blood-flow path is formed from the main vessel through the main- 
vessel stent and opening into the side-branch vessel, and through the side-branch 
vessel proximal angled stent. 

1 0 In another alternative embodiment, a stent having a distal angle is implanted 

in the main vessel. In portions of the main vessel having, disease that approaches and 
is directly adjacent to the side-branch vessel, a distal angle stent is implanted using the 
novel catheter of the present invention so that the stent covers the diseased area, but 
does not jail or cover the opening to the side-branch vessel. 

15 In another alternative embodiment, a Y-shaped catheter and Y-shaped stent 

are provided for stenting a bifurcated vessel. In this embodiment, a dual balloon 
catheter has a Y-shaped stent mounted on the balloons and the balloons are positioned 
side by side for easier delivery. The balloons are normally biased apart, but are 
restrained and held together to provide a low profile during delivery of the stent. A 

20 guide wire is first positioned in a main vessel at a point distal to the bifurcation. A 
second guide wire is retained in the catheter in a second guide wire lumen while the 
catheter is advanced over the tracking guide wire so that the balloons and stent are 
distal to the bifurcation. The tracking guide wire is then withdrawn proximally thereby 
releasing the balloons which spring apart. The catheter is withdrawn proximally until 

25 it is proximal to the bifurcation. As the catheter is withdrawn proximally, one of the 
two guide wires is left in the main vessel. The other guide wire is then advanced into 
the side-branch vessel. The catheter is then advanced over both guide wires until the 
balloons and stent are anchored in the bifurcation. The balloons are inflated and the 
stent expanded and implanted in the bifurcation. 
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,„ another aspect of the invention, .here is provided an apparatus and 
method forstentingabtfitrcated vessel having a bifttrcation, a frs, vesse, branch and 

a second vesse. branch. A dua. ba,,o„n Y-shaped catheter is provided and inchtdes a 
firstexpandablememberandaseconde.pandab.entenrber.Aftrsttumenisprovtded 

oftt.ecatheterinduding.hefirstexpandablentember.Asecondiumen.sprovtdefor 
receiving a guide wire. The second lumen extends through a, leas, a portion of tire 
catheter including the second expandable member. A Y-shaped stent is mounted on 
th efirs.andsecond.xpandab,e members. A restratning ntember is positioned wttirut 
me frs. lumen such that .be firs, expandable member and .he second expandab e 
member are normally biased apart, bu, are restrained and held together by he 
res.ainingmember. Aguide wire is then posttioneddis.llyofmebifurcatton.n.he 
firs, vesse. branch. The guide wire is .oaded into the second .urnen. The catheter ts 
advanced over the guide w.re so that the catheter is advanced proximate me 
; bifurcation. The restraintng member can then be retracted proximafly until the firs, 
expandab.emembera„dthesecondexpandab,ememberarereleasedandspnngapa rt . 

Awireis.henadvanceddis,a..y.hrough,heftrs..ume„in,omesec < ,ndvesse.b ra nch 

Th ecame,er,sadvanceddis«a..yover,hewireand guide wire unti. the Y-shaped stent 
isp ositioneda.,hebifurca,,on.TheY-shaped,entcan,henbe i m P ,an te dby,„flaUn 8 

0 mefirstandsecondexpandablemembers. The ftrs. and second expandab.e members 
are then deflated. The catheter, wire, and guide wire are then withdrawn. 

,„ another embodiment two aperntted stents are implanted ,0 cover the 
bite ca.ed vessels. A main-vesse. stent has a cylindrical shape having a heavy ce.l 
density on the dista. ha.f and light ce., density on the proximal half, and an aperture 

25 on its outer surface at the junction a. these two halves. A main-vesse. stent ,s first 
imp.an.ed in the main vesse. so tha, its aperture aligns with .he ostium of , he 
branch vesse., thereby covering the main vesse. proximally with tight ce,, denstty and 
distafly with heavy ce,. density. A second main-vesse. stent is then tmp.anted over a 
tracking wire mto the side branch so that the heavy ce., dens,ty portion of the stent ts 
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implanted in the side-branch vessel, the light cell density is implanted in the main 
vessel and overlaps the light cell density of the proximal end of the main-vessel stent, 
and the aperture faces the main vessel as it departs from the side branch. Combined 
densities of proximal light cell portions proximal to the bifurcation are similar to the 
5 heavy cell densities in each limb distal to the bifurcation. Respective apertures of each 
of the two main-vessel stents are aligned with the respective ostia of both limbs of the 
bifurcation (main vessel and side branch). 

Other features and advantages of the present invention will become apparent 
from the following detailed description, taken in conjunction with the accompanying 
10 drawings, which illustrate, by way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is an elevational view of a bifurcation in which a prior art "T" 
stent is in a side-branch ostium followed by the stenting of the main vessel across the 
branch ostium. 

1 5 FIG. 2 is an elevational view of a bifurcation in which "touching" prior art 

stents are depicted in which one stent is implanted in the side branch, a second stent 
implanted in a proximal portion of the main vessel next to the branch stent, with 
interrupted placement of a third stent implanted more distally in the main vessel. 

FIG. 3 is an elevational view of a bifurcation depicting "kissing" stents 
20 where a portion of one stent is implanted in both the side-branch and the main vessel 
and adjacent to a second stent implanted in the main vessel creating a double-barreled 
lumen in the main vessel distal to the bifurcation. 

FIG. 4 is an elevational view of a prior art "trouser legs and seat" stenting 
approach depicting one stent implanted in the side-branch vessel, a second stent 
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earned in a proximal potion of the main vessel, and a Cose deploy, of a third 
s ,e„, dis,a. .o the bifnrcanon leaving a anal, gap between ,he three stents of 
uncovered luminal area. 

FIG. 5A is a perspective view of a stent of the ptesent invention having an 
5 angled proximal end. 

FIG 5B is a side elevational view of the proximal angled stent of FIG. 5A 
depicting the distal end betng transverse to the longitudinal axis of the stent, and the 
proximal end at an angle of less than 90°. 

FIG. 5C is an elevational view of a bifcrcarion in which ajtrior art stent is 
1 0 implanted in the side-branch vessel. 

FIG 5D is an elevational view of a bifurcation in which a prior art stent is 
planted in the side-branch vessel, with the proxtmal end of the s.en. extending mto 
the main vessel. 

FIG 5E is an elevational view of ahifurcation in which the proximal angled 
„ stent of the present invention, as deptcted in FIGS. 5A and 5B, is implanted in the 
side-branch vessel. 

FIG 6A is a perspective view depicting the main-vessel stent of me present 
tave „rion in which an apermre is formed on the onter snrface of a, leas, a poriion of 
the stent. 

20 FIG. 6B is a side elevational view of the main-vessel stent of FIG. 6A. 
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FIG. 7A is an elevational view, partially in section, of a side-branch catheter 
assembly depicting the distal end of the catheter with the expandable member and the 
second guide wire lumen attached thereto, for receiving the integrated stent- 
positioning guide wire, while the tracking guide wire is received by the main guide 
5 wire lumen. 

FIG. 7B is an elevational view, partially in section, of the catheter assembly 
of FIG. 7 A, in which the stent positioning guide wire is advanced out of the catheter. 

FIG. 8 is an elevational view, partially in section, of a side-branch catheter 
assembly depicting an expandable balloon having an angled proximal portion 
10 corresponding to the angle of the proximal angled stent. 

FIG. 9A is an elevational view of a bifurcated vessel in which a side-branch 
tracking guide wire has been advanced into a side-branch vessel, with the stent- 
positioning guide wire remaining within the catheter until the catheter assembly is just 
proximal to the side-branch vessel. 

15 FIG. 9B is an elevational view of a bifurcation in which a side-branch 

tracking guide wire has been advanced through the patient's vascular system into a side 
branch, and a stent-positioning guide wire has been advanced through the patient's 
vascular system and into the main vessel distal to the ostium of the side-branch vessel. 

FIG. 10A is an elevational view of a bifurcation in which the side-branch 
20 catheter assembly has been advanced in the patient's vasculature so that the proximal 
angled stent mounted on the expandable member is positioned in the target area of the 
side-branch vessel. 
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FIG lOBisanelevationalviewoftheside-branchcatheterassemblyofFIG. 
10 Ain which the proximal angled stenthas been expanded by the balloon portion of 
the catheter in the side-branch vessel. 

FIGS. 11A-UD are partial elevational views in which the side-branch 
5 catheter assemblyof FIG. 10A is used to implant thermal angled stent in the side- 
branch vessel where .he proxtma. angled stent is rotated to be property aligned for 
implanting in the vessel. 

FIGS 12A-12C depict an elevational view, partially in section, of a main- 
vessel catheter assembly in winch the main vessel stent has an aperture on its outer 
10 surface. 

FIGS. 1 2D- 1 2F depict an elevational view, partially in section, of the main- 
vessel catheter of FIGS. 12A-12C with a ramp to help orient and advance the guide 
wire through the aperture in the main-vessel stent. 

FIGS 12G-12I depict an elevational view, partially in section, of an 
,5 altemativeembod.mentofthemain-vesselcatheterofFIGS. 12A-12C in which the 
guide wire lumen is angled to passunder the stent and exit through the stent aperture. 

FIGS 12J-12L depict an elevational view, partially in section, of an 
alternative embodiment of the main-vessel catheter of FIGS. 12A-12C in wh.ch a 
portion of the guide wire lumen passes under the stent. 

20 FIGS 13A-13E are elevational views, partially in section, depicting the 

ma m-vessel catheter assembly of FIG. 12A and the mam-vessel stent in which two 
guide w.res are used to correctly position the main vessel stent so that the aperture m 
the stent is aligned with the side-branch vessel. 
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FIG. 14 is an elevational view of a bifurcated vessel in which the proximal 
angled stent is implanted in the side-branch vessel and a main vessel stent is implanted 
in the main vessel. 

FIG. 15 is a perspective view of the main-vessel stent of the present 
invention for deployment in the main vessel, where a targeted stent cell provides an 
opening through which a guide wire can pass. 

FIGS. 1 6A- 1 6D are elevational views, partially in section, of a main vessel 
catheter having the main vessel stent of FIG. 1 5 mounted thereon, and its relationship 
to the guide wire for advancing through a targeted stent cell. 

FIG. 1 7 is an elevational view of a bifurcation in which a main- vessel stent 
is positioned in a main vessel so that it spans the opening to the side-branch vessel. 

FIG. 1 8 is an elevational view of a bifurcation in which a main- vessel stent 
is implanted in the main vessel and a balloon catheter is partially inserted into a side- 
branch vessel to form an opening through the targeted stent cell of the main stent. 

FIGS. 19A-19C are elevational views of a bifurcation in which a main- 
vessel stent is first implanted in the main vessel and a catheter assembly next deploys 
a proximal angled stent in a side-branch vessel. 

FIGS. 1 9D and 1 9E are cross-sectional views looking down the side-branch 
vessel at an expanded main vessel prior art stent in which a random, sub-optimal stent 
cell was entered and expanded. 
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FIGS 19F is a cross-sectional view looking down the side-branch vessel at 
anexpandedrnain-vess«^ 
entered and expanded. 

FIG 20A is an elevational view, partially in section, depicting a main vesse. 
5 ca.ne.er in which tine main vesse. s.en. is mourned over a positioning guide w,re 

' UnK "' FIG 20B is an elevational view, partially in section, of a main vessel 
ca ,heter depicting the main vesse, s,en. monoid over a section of .he positioning 
guide wire lumen, with a distal portion of .he guide wire lumen aasocated wrth me 
1 0 distal tip of the catheter. 

FIO 20C is an elevational view, partially in section, of me catheter of FIG. 
20B depicting me positioning guide wire advanced ou. of the positioning guide w,re 
lumen. 

FIG20Disa„elevationalview,pa rt iallyinscction,depictingamain-vessel 
15 s.enrimp.an.edinmemainvesse.wimou.jai.ingorcoveringu.eside-hranchvessel. 

FIG 20E is an elevational view, partially in section, depicting me main- 
vessel catheter of FIG. 20A having a ramp to assist in positioning the gutde w.re. 

FIG 20F is an elevational view, partially in section, of a dish,! angled s.en. 
being implanred in the main vessel without jailing the side-branch vessel. 

FIGS 2! and 22 are elevational views, partially in section, depicting an 
a,.emativee m b„dimen t of.hemain-vesse,ca«he,erofFIG.20 B inwhich.hedi S ,lend 

of .he guide wire lumen springs away from the expandable balloon. 
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FIGS. 23A-23B, 24A-24B, 25A-25B, and 26A-26B, are elevational views 
of various bifurcations which are indicated for receiving main vessel and side-branch 
vessel stents deployed by the catheters of the present invention. 

FIG. 27A is an elevational view, partially in section, depicting an alternative 
5 embodiment in which a Y-shaped catheter assembly deploys a Y-shaped stent in the 
bifurcation. 

FIG 27B is an elevational view depicting an alternative embodiment in 
which a dual balloon catheter assembly deploys a Y-shaped stent in the bifurcation. 

FIG. 28 is an elevational view depicting the Y-shaped catheter assembly of 
10 FIG. 27 A in which the stent is mounted on the balloon portions of the catheter. 

FIG. 29A is an elevational view, partially in section of a bifurcation in 
which the Y-shaped catheter of FIG. 27A is delivering the stent in the bifurcated area, 
tracking over the wire that joins the two tips together. 

FIG. 29B is an elevational view, partially in section, of a bifurcation in 
1 5 which the delivered Y-shaped balloon components have been released and spread apart 
by withdrawal of the tracking wire from the other balloon tip lumen. 

FIG. 29C is an elevational view, partially in section, of the Y-shaped 
delivery catheter of FIG. 27A in which the Y-shaped balloon has been withdrawn 
proximal to the bifurcation, leaving the first wire in the right branch. 



20 FIG. 30 is an elevational view, partially in section, of the Y-shaped delivery 

catheter of FIG. 27A in which the second guide wire is advanced into the left branch. 
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FIG 31 isanelevational view depictingthe Y-shaped catheter of FIG. 27 A 
in which the Y-shaped stent is implanted in the s,de branch and main vessels of the 
bifurcation. 

FIG 32 is an elevational view, partially to section, depicting the Y-shaped 
5 c a,he.erasse m b.yofF.G.27Atowhichn 1 eY-shapeds 1 e nl has b een, m p.an,edand,he 

balloon portions of the catheter have been deflated. 

FIG 33 is an elevational view depicting a bifurcated vessel in which the 
catheter of FIG. 27A has been withdrawn after implanting the Y-shaped stent. 

FIG 34 is an elevational view depicting a modified atenthaving an aperture 
10 in its sidewal, and in wh.ch half of the stent has a heavy stent cefl density while me 
other half of the stent has a light stent cell density. 

FIG. 35 is an elevational view depicting the stent of FIG. 34 combined to 
fonn a stent having a heavy stent cell density in all portions. 

FIG 36A is an elevational view depicting a bifurcation, in which the stent 
,5 of FIG. 35 has been implanted so that the aperture corresponds to the side-branch 
vessel and the stent is implanted in the main vessel. 

FIG 36B is an elevational view depicting a bifurcating vessel in which me 

stent of FIG. 34 has been implanted so .ha, fine heavy stent cel. density is in the s.de- 
^chvesseland.he.ightcendensi.yisin.hemainvessel.Theapertureco.eaponds 

20 to the continuing lumen of the main vessel. 

FIQ 36C is an elevational view deputing a bifurcated vessel in which two 
s,e„ K of FIG. 34 have been implanted in the side-branch vessel and tine main vcsse, 
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respectively so that the light stent cell density of each overlaps with the light cell 
density of the other thereby creating cell density proximal to the bifurcation similar to 
the heavy cell density present in each limb distal to the bifurcation. 

FIG. 37 is an elevational view, partially in section, depicting another 
5 alternative embodiment in which a Y-shaped catheter assembly deploys a Y-shaped 
stent in the bifurcation. 

FIG. 38 is an elevational view depicting the Y-shaped catheter assembly of 
FIG. 37 in which a Y-shaped stent is mounted on the balloon portions of the catheter. 

FIG. 39 is an elevational view, partially in section, of the Y-shaped delivery 
10 catheter and Y-shaped stent of FIG. 38 in which the Y-shaped balloon has been 
advanced proximate to the bifurcation. 

FIG. 40 is an elevational view, partially in section, of the Y-shaped delivery 
catheter of FIG. 37 in which a restraining member is advanced into the left branch. 

FIG. 41 is an elevational view depicting the Y-shaped catheter of FIG. 37 
15 in which the Y-shaped stent is implanted in the side branch and main vessels of the 
bifurcation. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention includes an assembly and method for treating 
bifurcations in, for example, the coronary arteries, veins, arteries, and other vessels in 
20 the body. Prior art attempts at implanting intravascular stents in a bifurcation have 
proved less than satisfactory. For example, FIGS. 1-4 depict prior art devices which 
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inch.de multiple stents being imp.an.ed in both fte main vesse. and a side-branch 
vesse. in FIG. 1, a prior art "T" stent is imp.an.ed such ma. a firs, stent is imp.an.ed 
in the s,de branch near the ostium of the bifurcation, and a second stent is implanted 
inthe main vesse,, across the side-branch ostium. With mis apptoach,ponions of the 
side-branch vesse! are left uncovered, and Mood flow to the side-branch vessei mus, 
necessarily pass through the main-vesse. stent, causing possibie obstructions or 
thrombosis. 

Referring to FIG. 2, three prior art stents are required .0 stent the 
himrca.ion.lnFIG.S.meprioranmemodincludesimplan.ing.wos.entsstdebystde, 

such that one stent extends into the side-branch vesse. and the main vesse., and the 
second s,en, is imp.an.ed in the main vesse.. This resufts in a doub.e-barteled tanen 
wh.ch can present problem, such as thrombosis, and turbulence in blood flw. 
Referring to the FIG. 4 prior art device, a firs, stent is imp.an.ed in the side branch 
vesse.,aseco„ds«en t is,mp.antedinaproxima,por,ionofd,emainvesse 1 ,anda.h,rf 

stent is imp.an,ed distal to the bifi.rca.ion, thereby leaving a sma.1 gap be.ween .he 
stents and an uncovered luminal area. 

AH of me prior art devices depicted in FIGS. 1-4 have various drawbacks 

which have been solved by the present invention. 

In one embodiment of the present invention, as depicted in FIGS. 5A, 5B 
and SB, prox.ma. angled stent 10 is Configured for dep.oymen. in side-branch vesse. 
5 P r o X imalan g .eds,entlO,ncludesacylindrica.memberllhaving.ongitud,nalax,s 

,2 which is an imaginary axis extending through cylindrical member 1 1 . M end 
iJandproxima.endHdefine.he.engmofcy.indrica.memberll.F.rs.p.anesect.on 

, 5 is defined by a p.ane section through distal end ,3 of the cylindrical member, and 
S econd P ,ane section . 6 is defined by a plane section through proximal end .4 of the 
cyhndrica, member. Second plane section .6 defines acute ang.e 18, which ,s .he 
angle between second p.ane section 16 and longitudinal axis 12. 

In treating side-branch vessel 5, if a prior art stent is used in wh.ch there . 
„oacu,ea„ g .ea.oneendofmes.e„..om,.chmeangleof.hebift.rca,.on,acond,.,on 
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as depicted in FIGS. 5C and 5D will occur. That is, a stent deployed in side-branch 
vessel 5 will leave a portion of the side-branch vessel exposed, or as depicted in 5D, 
a portion of the stent will extend into main-vessel 6. As depicted in FIG. 5E, proximal 
angled stent 1 0 of the present invention has an acute angle 1 8 that approximates the 
angle formed by the bifurcation 4 of side-branch vessel 5 and main-vessel 6. Thus, 
acute angle 1 8 is intended to approximate the angle formed by the intersection of side- 
branch 5 and main-vessel 6. The angle between side-branch vessel 5 and main-vessel 
6 will vary for each application, and for purposes of the present invention, should be 
less than 90°. If there is a 90° angle between the side-branch vessel and the main 
vessel, a conventional stent having ends that are transverse to the stent longitudinal 
axis, would be suitable for stenting the side-branch vessel. 

The proximal angled stent can be implanted in the side-branch vessel to treat 
a number of angulated ostial lesions including, but not limited to, the following: 

1 . The ostium of a left anterior descending artery (LAD) where there is 
a circumflex or trifiircation vessel at less than 90° in its departure 
from the LAD. 

2. The ostium of the circumflex artery or a trifiircation in a similar 
situation as number 1 . 

3. The ostium of a sizeable diagonal. 

4. The LAD just distal to, but sparing, the origin of a diagonal. 

5. The ostium of a circumflex marginal artery with an angulated take- 
off. 

6. Disease in the circumflex artery just distal to a marginal take-off, but 
sparing that take-off. 

7. The aorta-ostium of a right coronary artery with an angled take-off. 

8. The origin of an angulated posterior descending artery. 

9. The origin of an LV extension branch just at and beyond the crux, 
sparing the posterior descending artery. 

10. The ostium of an angulated vein graft origin. 
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„. Anyofmanyoftoabove.oca.ionsmconj.nc.ionwi.hinvo.vemen. 

of the bifurcation and an alternate vessel. 
TheproximalangMstentoffltepresentinventionWeallyeanbeusedas 

a^odevlceto.eatrbeforegolnslndieatlons.ori.eanbeusedlncon.nneuonw,* 

tn en» i nve S se.s.en,de S cnbedhere i nfors.en,ing«hebin.rca,,on. 

Inke epin gW ,«h,beinve„.ion,a S de pi c.ed i nF.GS.6Aand6B,rna.n-vesse. 

XdHca. member 2, having dista, end 22 and proximal end 23. Matn-vesse, « 

L 23 and ineorporatea aperture 25 on outer waU surface 24. Aperhrrc 25 
Igured so .bat, upon expansion, it approbates tbe drameter of expand 
contrgureo r Mrt _,, 0 When main-vessel stent 20 is rmplanted 

proximal end ,4 of proxtma. angledsten, 0. Wto ^ ^ 

a n dexpandedintocontactwithmam-vessel6,apenure25>saug 

I 5 and proxrma, end 14 of proximal angled stenr, thereby p— 
to priot art, the main-vesse, catheter allows seiection and poauronmg of an aperture 

.n me prior ar, technics access to a side-branoh is through a ran o* 
, 0 Zlnte Jentrceinandisonlypossib^deploymentofthesten, Th 

^ positioning of aperture 25 is optiona, and aperture 25 could be posrttoned 
ei t hercloser.otheproximalordistalendofs.ent20. „, froma „y 
Pro xima, angled sren. 10 and main-vesse, stent 20 can be formed from y 
„f a number of materials inehrding, but no, limited to, stainless steel alloys, -** 
25 1m anoys (the NiTi can be erther aha, memory or p— c . — 

Omgsten, or any number of polymer matenals. Such matena, o *» 
.nownin.hean.Furmer.proxima.angleds.en.lOandmarn-vessels.en.iOcanh 

stent ,0 and main-vesse, stent 20 are formed from a stain.ess atee, matena. and have 
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a plurality of cylindrical elements connected by connecting members, wherein the 
cylindrical elements have an undulating or serpentine pattern. Such a stent is disclosed 
in U.S. Patent No. 5,514,154 and is manufactured and sold by Advanced 
Cardiovascular Systems, Inc., Santa Clara, California. The stent is sold under the trade 
5 name MultiLink® Stent. Such stents can be modified to include the novel features of 
proximal angled stent 10 (the angulation) and main-vessel stent 20 (the aperture). 

Proximal angled stent 10 and main-vessel stent 20 preferably are balloon- 
expandable stents that are mounted on a balloon portion of a catheter and crimped 
tightly onto the balloon to provide a low profile delivery diameter. After the catheter 

10 is positioned so that the stent and the balloon portion of the catheter are positioned 
either in the side-branch or the main vessel, the balloon is expanded, thereby 
expanding the stent beyond its elastic limit into contact with the vessel. Thereafter, the 
balloon is deflated and the balloon and catheter are withdrawn from the vessel, leaving 
the stent implanted. Deployment of the angled and main- vessel stents is accomplished 

15 by a novel stent delivery system adapted specifically for treating bifurcated vessels. 
The proximal angled stent and the main-vessel stent could be made to be either balloon 
expandable or self-expanding. 

In one embodiment for delivering the novel stents of the present invention, 
as depicted in FIGS. 7A and 7B, side-branch stent delivery assembly 30 is provided 

20 and includes side-branch catheter 3 1 . The side-branch catheter includes distal end 32 
which is configured for delivery in the patient's vasculature and proximal end 33 which 
remains outside the patient. First guide wire lumen 34A extends through at least a 
portion of side-branch catheter 31 depending on the type of catheter desired for a 
particular application. First guide wire lumen 34A preferably is defined by distal end 

25 34B and side port 34C, which is typical of the so-called rapid-exchange-type catheters. 
Typically, a slit (not shown) extends from side port 34C to just proximal of the balloon 
portion of the catheter so that the catheter can be rapidly exchanged during a medical 
procedure, as is known. 
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The expandable membe, 35, which is typically a non-distensible balloon, 
hasafirs.compresseddia.neterfordehvery.hroughdtevascularsys.em.andasecond 

expanded diameter for implanting a stent. The expandable member 35 is postponed 
„eardis te .end32 ) andina„yeven.be W ee„disU 1 cnd32offirs«ca,he.er3.ands 1 de 

POrt34C ReferringtoFlGS.7Aand7B,nackingguidewire36A > disUlend36B,and 
p r ox i n ra .end36Ca«ex,end,hroughfir S .guidewhe.umen34A.T ra cKingguidew,re 

36A preferably is a stiff wire having a diameter of .0.4 inch, but cnn have a Afferent 
diameter and st.ffi.ess as required for a particular application. A particularly surtable 
guidewirecanincludemosemanufaeturedandsoldunderthenadenamesSport^and 

honman®, manufacmred by Advanced Cardiovascular Systems, Inc., Santa Clara, 
California. Trac k in g guidewire36Aissi Z edfors„dab.emovemen,wi t hin firs, gurde 

wire lumen 34A. 

Stent delivery assembly 30 further includes second guide w,re lumen 39A 
, which is associated with expandable member 35. Second guide w,re lumen 39A 
includes angle portion 39B and slight portion 39C, and is firmly artached ,0 outer 
surface 40 of cafteter 31, a. a point jus. proximal to expandable member 35. 
mtegmted sten.-positioning guide wire 41A is sized for slidab.e movement wtihm 
second guide wire lumen 39A. A s.i, 39D is fomred in lumen 39A near Us distal end 
0 so that the stifTguide wire 4, A can how outwardly as shown in F,G. 7B. The port.on 
0 f g „ i dew i re41Ama.bowsou,ofsli.39Dwill.imi,.headvancemen,ofca t heter3l 

as will be further described rnfa. Integrated stem-positioning guide wire 41 A has 
disual end 41B, and proximal end 41C which extends ou. of the patient. Agam, r. , 
preferred ft* integrated sten.-positioning guide wire 41 A be a fairly stiff w,re as 
!5 previously described, for .he reasons se. forth below in de.ivering and imp.an.,n g .he 

stents in the bifurcation. 

,„ a „ alternative embodiment, catheter 31 can have an angled expandable 
member 42 as depicted in FIG. 8. The proximal end of .he expandable member .s 
ang ,ed.,ocoincidewi.hfteangleofproxima, angled s.en. .0 (not shown in FIG.8for 
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clarity). This embodiment is particularly useful in delivering the angled stent since the 
second guide wire lumen 39A, and its angled portion 39B, have the same angle as the 
stent and the proximal end of the expandable member. 

In further keeping with the invention, as depicted in FIGS. 9A-11D, 
5 proximal angled stent 1 0 is mounted on side-branch catheter 3 1 and implanted in side- 
branch vessel 5. The method of achieving proximal angled stent implantation is as 
follows. 

In keeping with the method of the invention, proximal angled stent 10 first 
is tightly crimped onto expandable member 35 for low-profile delivery through the 

1 0 vascular system. 

In one embodiment of the side-branch catheter system 30 (side -branch 
catheter plus proximal angled stent), distal end 36B of guide wire 36A is advanced into 
side-branch vessel 5 and distal to the target area, with proximal end 36C remaining 
outside the patient. The side-branch catheter 3 1 is then advanced within a guiding 

1 5 catheter (not shown) along tracking guide wire 36A until distal end 32 of the catheter 
is just proximal (about 1 cm) from entering side-branch vessel 5. Up to this point, 
guide wire 41 A resides in second guide wire lumen 39A so that distal end 41B of the 
wire preferably is near, but not in, angled portion 39B of guide wire lumen 39A. This 
method of delivery prevents the two guide wires from wrapping around each other, 

20 guide wire 41 A being protected by the catheter during delivery. The distal end 41 B 
of integrated stent positioning guide wire 41 A is then advanced by having the 
physician push proximal end 41C from outside the body. The distal end 41 B of the 
integrated stent-positioning guide wire travels through guide wire lumen 39 A and 
angled portion 39B and passes close to proximal end 14 of angled stent 10 and 

25 expandable member 35 and exits lumen 39B. As guide wire 41 A is advanced into, 
through and out of lumen 39B, the stiffness of the wire causes it to bow outwardly 
through slit 39D in the distal portion of lumen 39A. Thus, as can be seen for example 
in FIGS.9B, 10A, 1 0B, and 11B-1 ID, the positioning guide wire bows outwardly and 
due to its stiffness, provides a bumper against the ostium of the side-branch vessel to 
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assist in positioning and deploying the stents. The stent-posittoning guide wire 41 A 
ass.st.np .,„„,„ aktal end 41B is distal to side-branch vessel 5. 

is advanced in the main vessel until distal eno *t i ts ,., lfromth . 

^ide wire 36A, so that they can properly orient side-hranch catheter 3, a « - 

gume wire ft f second guide wire lumen 

advaneedintoside-branchves S e.5.Angledpor,,on39Bofsecondg 

dtll h vessel. If the stent apptoaches side-hranch vessel 5 in the tnccrrea 
position as depicted in FIGS. 1 1 A- 1 ID, stent-positioning wire 4 1 A would be forced 

and causes the wire to assutne the position of leas, stress. To teheve *. ^ 
buil dup, wire 41A creates a ,or,ue on angled portion 39B canstng guide wire lumen 
39A a d side-branch catheter 31, with proximal angled stent 10, to roUtte into the 
cl posttto. Preferably, s.i,3, D .s footed on catheter 3, „u,er surface near 

Thereafter, proximal angled stent ,0 mounted on the expandable member 
3 5 i s alignedacross m eU,rge,area,andvie W edunder fl u„roscopy,.beacu,ea„ g le8 

br anch vessel 5 and main-vessel 6 „he ostium of the side-branch vessel) so the 

L no, extend into the main-vease, 6, thereby compromising blood ft* Th 
„dab,emember3 5 , which , s W ica„y a non-dis,ensib,e balloon, is expan^d by 

vessel. Thereafter, expandable member 3 5 is deftated and 
assemb.yJHswi.hdrawnfrom.hepatienfsvasculamre.Thestde-branchcatheterJ. 



15 

stent. 

20 
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is designed so that both tracking guide wire 36A and stent-positioning guide wire 41 A 
can be left in their respective vessels should sequential or simultaneous high pressure 
balloon inflation be required in each of the vessels in order to complete the stenting 
procedure. In other words, the integrated positioning wire can be unzipped through 
5 the slit (not shown) from the proximal 1 00 cm of the catheter thereby allowing it to act 
as a rapid exchange wire. Preferably, high pressure balloons are inflated 
simultaneously in the main vessel and proximal angled stents in order to avoid 
deforming one stent by unopposed balloon inflation within the other one. This 
additional step is a matter of physician choice. Utilizing this method, side-branch 
10 vessel 5 can be stented without the need for stenting the main vessel, as shown in 
FIGS. 11A-11D. 

If necessary, main-vessel 6 also can be stented after stenting the side-branch 
vessel. In that regard, and in keeping with the invention, main- vessel catheter 
assembly 50 is provided for implanting main-vessel stent 20, as depicted in FIGS. 1 2 A 

15 to 13E. In one embodiment, as shown in FIGS. 12A-12C, main-vessel catheter 50 
includes distal end 51 which is configured for advancement within the patient's 
vasculature, and proximal end 52 which remains outside the patient. The main-vessel 
catheter includes guide wire lumen 53A having distal end 53B and side port 53C, 
which is proximal to the balloon portion of the catheter. Side port 53C is provided in 

20 a so-called rapid-exchange catheter system which includes a slit (not shown) as is 
known in the art. Expandable member 54 is located near distal end 5 1 of main-vessel 
catheter 50. Typically, expandable member 54 is a non-distensible balloon of the type 
known in the art for delivering and expanding stents. 

In further keeping with the invention, positioning guide wire lumen 55 A is 

25 positioned partly on the catheter shaft and partly on expandable member 54, and is 
configured for slidably receiving integrated stent-positioning guide wire 56A. Prior 
to stent delivery, guide wire 56A resides in guide wire lumen 55A and only during 
stent delivery is it then advanced into and through angled portion 55B of the lumen. 



PCT/US00/32262 

WO 01/39697 

-30- 

0 1 here m bodi m e„«sf 0 r im p.an« ngm .n-ve S se 1S .en«20 i n m ainW6are 

depict for exampfc, i„ FIGS. 12D-.2F. This embodiment is 
^ te d in HOS,2A. 1 2C,w itt ,,eaddi«cno fl an, 5 7wHio hi s : o— ««- 

54 and provides a siigh. inchne for guide wire 56A as i, exits gu.de w„e ,um. *A 
M*eIuidewi r es 1 idesa,o„ g ra m p57,dis«a 1 por,ion 5 6Bof.he g u,dew,rew Im ove 

1„ L-* which -ps posmon me guide wire and — 
Ie,,asdepic t ed taF1 OS.nO, 2 ,guidewi rel u m e„ 55A passesu„de ra ea B ,^ 

so tol as guide wire 5oB advances on, of *« dista, end 55B of »V~~ 
tt ave 1 .in g radian y on l ward, y se.ha„ t ean m oreea S , 1 yloea,eandadvance,n l o t he S ,de 

^TsLomeremb— ^ 
, 2 0and 1 e m d„a t esa t dis l a,e„d 5 5Bin tn enndd 1 eofa P e rt u re 2,Thed 1St a,en5B 

,„ ,„e baUoon 35 outer surface and extends from aperture 2 5 to essenua.., the d,sta> 

end of the catheter. 

,„ one method of in 1 p.an,ing main-vesse, stent 20 ,n ma.n-vessel 6, as 

of the wire into the dista. end of the eatheter and into gu.de w,re lumen 53A. Mam 
25 Z catheter 50 is advanced over gn.de wire 41A and viewed under = 

vesse, 5. The dista. end 56B of the .ntegrated stent-posihomng gu.de ^ 56 As ton 
dista, end 56B of wire 56A advances into and through pos.Uon.ng gutde 
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55 A and passes underneath the proximal end of the main-vessel stent 20 and exits the 
angled portion 55B of the lumen and enters side-branch vessel 5. The main-vessel 
catheter 50 is then advanced distally into the main vessel until resistance is felt from 
the stent-positioning guide wire 56A pushing up against the ostium of the side-branch 
5 vessel. The stiffness of stent-positioning guide wire 56A causes the main-vessel 
catheter 50, with main-vessel stent 20 thereon, to rotate so that aperture 25 is facing 
the side-branch vessel 5 ostium and proximal angled stent 10 already implanted. 

Expandable member 54, which is typically a non-distensible expandable 
balloon, is inflated thereby expanding main-vessel stent 20 into contact with main- 

10 vessel 6. Aperture 25 correspondingly expands and when properly aligned, provides 
a blood flow path between aperture 25 and proximal angled stent 1 0 implanted in side- 
branch vessel 5. As can be seen in FIGS. 12A-12I and 13A-13D, positioning guide 
wire lumen 55A is positioned on expandable member 54, such that when the 
expandable member is inflated, positioning guide wire lumen 55 A does not interfere 

15 with implanting main- vessel stent 20. After the main-vessel stent is implanted in the 
main vessel, expandable member 54 is deflated, and main-vessel catheter 50 
withdrawn from the patient. As seen in FIG. 14, the bifurcated vessel has been fully 
covered by the stents, side-branch vessel 5 is covered by proximal angled stent 1 0, and 
main-vessel 6 is covered by main-vessel stent 20, so that no portion of bifurcation 4 

20 is left uncovered and there is no overlap in the implanted stents. 

In an alternative method of implanting main-vessel stent 20 in main-vessel 
6 as depicted in FIGS. 12J-12L, tracking guide wire 41 A is advanced through guide 
wire lumen 55A and guide wire lumen 58 so that it advances distally of the distal end 
51 of the catheter. Thus, guide wire distal end 41 B is advanced into the main vessel 

25 so that it is distal of the side -branch vessel. Guide wire 56A, which until this point has 
remained within guide wire lumen 53 A (see FIG. 12K), is advanced distally as 
depicted in FIG. 12L and advanced into the main vessel distally of the side-branch 
vessel. Guide wire 41 A is then withdrawn proximally through guide wire lumen 58 
until guide wire distal end 41 B is able to exit guide wire lumen distal end 55B, as 
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shown ,„ FIG. ,2L. Since gnide wire hrnren 55B is preformed and has bias, i« will 
spring outward*. Guide wrre 41 A can then be advanced into rhe side-branch vesse 
for further positioning. As the catheter 50 is advanced over the guide wires, dtsta 
portion 4.B of the guide wire win push against the osnum of the side-branch vesse 
5 1 hereb y insuring,he.oca«onof m ain-vesse,s,en.20,andin,portan.lyaperture2 5 w 1 n 

align with the opening to the side-branch vessel 5. 

A non-angulated stent (see FIG. 15) can be implanted using the catheter 
system of FIGS. 7A-11D for sten.ing a side-branch vesse, having an ongtn 
approaching 90° in Hi takeoff from the main vesse,. ,n this circumstance .he 
,0 p„ S i,ioningwireservesso,e, y ,oartes,,hefo m ammovemen,of.hes«en, P rec,seyat 

fl,e origin of the vesse, for more precise positioning. However, acute angle . 
appropriate for a bifurcated vesse, 4 in which me angulation is acute angle IS 1, or less 
,ha„ 90- Thus, consideration cou,d be given to standard 30", 45% and 60 angied 
stent designs for proxima, angied stent ,0, which shou,d provide sufficient — 
,5 „a„coveragewhe„ k eepingwi,h,hepresen,inven,io„.Proxima,ang,eds«en„Ohas 

a wide range of app,icabi,i,y and can be used for stenting os.ta, side-branch lestons, 
o St ,a,circumflexor,ef,an«eri„rdescending(LAD),esio»swhere,hebifttrcafion,san 

acute angle, or ,ess than 90°, and ostia, lesions involving the angulated ongtn of a 
righ, coronary or ve,n graft. ,mportan„y, the stents of the present invention provrde 
20 fit,, coverage of the usual intima without proving into .he main vesse, or wrthou, 
compromising subsequent access to the dtstal portion of the main vessel. 

1„ order to assist in properly aligning both proxima, angled stent 10 and 
main-vessel stent 20 in side-branch vesse, 5 and main-vesse, 6, respectively, 
positioning guide wire lumen 39A, on side-branch catheter 31, and guide w,re hrmen 
25 55A on main-vesse, catheter 50, can be radiopaque, or have a radiopaque marker 
associatedtherewithsothattheyarevisiWeunder fluoroscopy. Thus, when advanomg 
side-branch catheter 3, and main-vesse, catheter 50, the proper orientation can be 
more easily detemrined by viewing me position of positioning guide „irelumen39A 
m eonnection with main-vesse, 6 or portioning guide wire hrmen 55A in connect™ 
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with aligning aperture 25 with side-branch vessel 5. Additionally, positioning guide 
wire 56A for positioning main-vessel stent 20 and positioning guide wire 41 A for 
positioning angled stent 1 0 are either radiopaque or have radiopaque portions, such as 
gold markers, to assist in positioning and orienting the catheters and stents during 
5 implantation and deployment. 

While the foregoing description includes implanting proximal angled stent 
10 in side-branch vessel 5 prior to implanting main-vessel stent 20 in main- vessel 6, 
in an alternative embodiment, the implanting procedure can be reversed. However, it 
should be understood that by implanting main-vessel stent 20 in main-vessel 6, and 

10 subsequently implanting proximal angled stent 10 in side-branch vessel 5, aperture 25 
must be carefully aligned with side-branch vessel 5 so that side-branch catheter 3 1 can 
be advanced through expanded main-vessel stent 20 and aperture 25 and into side- 
branch vessel 5 for implanting proximal angled stent 10. 

While side-branch catheter 31 and main-vessel catheter 50 have been 

15 described herein as being of the rapid-exchange type, they also can be of a 
conventional over-the-wire-type catheter. In over-the-wire-type catheters, the guide 
wire lumen extends from the distal end of the catheter to the proximal end with no side 
port as is found in the rapid-exchange-type catheters. Typical of over-the-wire-type 
catheters is the type disclosed in U.S. Patent Nos. 4,323,071 and Bl 4,323,071 , which 

20 are incorporated herein by reference, and are commonly assigned and commonly 
owned by Advanced Cardiovascular Systems, Inc., Santa Clara, California. 

In one embodiment of the invention, as depicted in FIG. 15, main-vessel 
unmodified stent 60 can be configured without the side aperture 25 of stent 20. Upon 
expansion, the individual strut members 6 1 of unmodified stent 60 expand sufficiently 

25 to permit a balloon catheter to be inserted therethrough, and expanded, to form an 
aperture which corresponds to the opening to side-branch vessel 5. 

In one method of stenting the bifurcation, side-branch vessel 5 is first 
stented as described, for example, in the manner shown in FIGS. 9A through 1 ID. 
Thereafter, main-vessel 6 is stented with unmodified main-vessel stent 60, which does 
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no , have an aperture formed in .he side of the stent. As shown in FIGS 15-18 
modified s<en.60 is mounted on expandable portion 54 of main-vessel catheter -50. 
Main-vessel ca m e te r50isbaek.oadedon.o.heproximale„dofgnidew 1 re41Awh,eh 

is already in position in the main vessel. Main-vesse. catheter 50 is advancedover the 
5 gui dewircandviewedunder fl uoroscopyun,i.s.en,60isposi«ioned i n.hema,nvesse 

about one cm proximal ,0 the side-branch vessel. The distal end 56B of integrated 
stent-positioning guide wire 56A is then advanced by the phys.cian by pushmg the 
proximal end 56C from outside the body. The distal end 56B of wire 56A trave.s 
throughguide wire lumen 55Aandpassesundemea,hthepr»ximal end ofunnrodrfied 
,0 stent 60 and exits the angled end of the lumen 55B and enters side-branch vesse, 
The main-vessel catheter 50 is then advanced totally into .he main vesse, until 
resistance is feu from .he s«en,.posi.io„in g guide wire 56A pushing up again* 
ostium of side-branch vessel 5. The stiffness of stent-positioning guide w,re 56A 
causesthemain-vessel catheter 50 with unmodified s.en. 60 to route so a stentce. 62 
15 is precise., facing the side-branch vessel 5 osfium. Expandable member 54 ,s 
expanded by known means so tha, unmodified stent 60 expands into contact w„h 
m ai„-vesse.6.Expandab,emember54is,hendefla.ed,ca«heter50iswi,hdrawnfrom 

,he patient's vascular system, leaving guide wire 56A in the side branch. 

A,.hi SP oin, ;P r„xima.angleds K n«10isimpla„.edin.heside-branchvesscl 

20 and unmodified main-vesse, stent 60 is implanted and extends across side-branch 
vessels. Urortlerto provide an opening in unmodified main-vessel stent 60 Ota. ahgns 
with the opening .0 the s,de-branch vesse,, third catheter 65, which can be a standard 
PICA catheter, is backloaded onto guide wire 56A, already in side-branch vessel 5, 
and advanced within the patient's vascular system over .he guide wire. As shown m 
25 F,G. 18, dista. end 66 of catheter 65 is advanced over guide wire 56A unti, the d,sta, 
end 66 of cn.he.er 65 begins .o pass through cel. 62 of unmodified main-vessel stent 

60 and enter side-branch vesse, 5. Catheter 65 can be of a known type used ,n 
a„giop,as^,asdescribedab„ve,havi„gano„-d,s.ensib,en 1 emberorbal,oon67.0nce 

b a„„„„67isposi.ionedmroughsten,ce,162andin,heope„in g ofside-branchvesse, 
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5, it is expanded, thereby expanding some of struts 61 comprising unmodified stent 60 
and forming a substantially circular opening from main-vessel 6 through unmodified 
stent 60 and into side-branch vessel 5. In essence, balloon 67 spreads apart some of 
the struts of unmodified stent 60 to form an opening in stent 60 that corresponds to the 
5 opening to side-branch vessel 5 , thereby providing a clear blood flow path between the 
main vessel and the side-branch vessel. 

Unmodified main-vessel stent 60 is positioned such that it crosses the 
opening to side-branch vessel 5. As set forth above, a particularly well suited stent for 
this embodiment includes a stent distributed under the trade name MultiLink® Stent, 
10 manufactured by Advanced Cardiovascular Systems, Inc., Santa Clara, California. By 
implanting unmodified main-vessel stent 60 in main-vessel 6 with an appropriate stent 
cell precisely aligned with the side-branch ostia, dilatation through this same cell over 
wire 56A assures a fully expanded and non-distorted cell at the ostium of side-vessel 
5. 

15 In an alternative embodiment, as shown in FIGS. 19A-19C, unmodified 

stent 60 is implanted first, then the side-branch proximal angled stent 10 is implanted. 
In one method of deploying unmodified stent 60, the unmodified stent 60 can be 
mounted on expandable portion 54 of main-vessel catheter 50. Main-vessel catheter 
50 is backloaded onto the proximal end of guide wire 41 A. Main-vessel catheter 50 

20 is advanced over guide wire 4 1 A and viewed under fluoroscopy until unmodified stent 
60 is positioned in main-vessel 6, proximal to side-branch vessel 5. The distal end of 
the integrated stent-positioning guide wire 56B is then advanced by the physician 
pushing the proximal end 56C from outside the body. The distal end 56B of wire 56A 
travels through second guide wire lumen 55 A and passes underneath the proximal end 

25 of unmodified stent 60 and exits the angled end of the lumen 55B and enters side- 
branch vessel 5. The main-vessel catheter 50 is then advanced distally into the main 
vessel until resistance is felt from the stent-positioning guide wire 56A pushing up 
against the ostium of the side-branch vessel 5 . The stiffness of stent-positioning guide 
wire 56A causes the main-vessel catheter 50 with unmodified stent 60 to rotate so a 
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54isexpa„dedb yk now,n,eans S o.ha,u„ m od iM s te „ t 60exp a „ds m .oco„^w, t h 
^-vease, 6. Expandab.e number 54 is then deflated, and ea.he,er 50 is wHbdrawn 
from the patienfs vascu,ar system, .eaving gu.de wire 56A in side branch 5. 

In further keeping win, the method of stenting, as shown tn FIG. 19B, tad 
cathetet 65, which can be a standard PTCA catheter, is bacHoaded onto go.de w.re 
56Aa.readyinside-branchvesse.5and advanced .ita the patienfs vascu.arsys em 
over the gnide wire. Dista. end 66 of catheter 65 is advanced over ride wtre 6A 
umil ,he W end 66 of the catheter begnts to pass through struts 6. of stent ce,. 
of unmodified main-vesse, stent 60 and enter side-branch vesse. 5. Catheter 65 can 
beofaxnown Reused in an g iop.asry, as described above, having a non-d,s,ens,We 
me mber or ba,.con 67. Once baUoon 67 is positioned through a stent ce, 62 the 
openingofside-branchvesse,5,i. is expanded, thereby expanding some of the shuts 
comprising unmodified stent 60 and forming a substantia,., circu.ar openmg from 
, mam -vesse, 6 through unmodified stent 60 and into side-branch vesse, 5. ,n essence, 
ba,,oon67spreadsapar,mes t m K 6,ofu„mod,fieds,en,60,ofon.anopemn^,he 

modified stent ma. corresponds ,o the opening to side-branch vesse, 5, thereby 
providing a clear opening for further stenting side-branch vessel 5. 

With the matn vesse, now stented as depicted in FIGS. .9A-.9C, s,de- 
„ branch vesse, 5 is stented in the same manner as described in F.GS. 9-, > . The o„,y 
aifference is that in F.G. ,9, unmodified main-vesse, stent 60 aheady ,s tmp.an ted 

when catheter 3. is advanced into side-branch vesse, 5. S.de-brancl .catheter 3 * 
b ac k ,oadedon,oguidewire36Aa,readyinside-branchvesse,5.Side-branchcatar 

3, is then advanced unti. the dis*. tip of side-branch catheter 3. jus. enters .he s.de- 
25 bran chvesse,50,,um. ThedisU, end4,B of memtegrated guide wim4, A tstiaen 
advancedby«hephysicianpnshing,beproximaUnd4,Cfromou B ,de,hebody.Th 

dista. end 4.B of the integrated sten.-pos.tioning gu.de w.re navels through second 
gui de wire .urnen 39A and ang,ed portion 39B and passes Cose ,0 the proxuna, end 
of proxima, ang.ed stent ,0 and expandab,e member 35 and exits iumen 39B. The 
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stent-positioning guide wire 41 A is advanced until the distal end 41 B is distal to side- 
branch vessel 5. The catheter is then advanced into the side-branch vessel until 
resistance is felt from the stent-positioning guide wire 41 A pushing up against the 
ostium of the side-branch vessel . As previously described, stent-positioning wire 4 1 A 
5 is relatively stiff, as is tracking guide wire 36A, so that they can properly orient side- 
branch catheter 3 1 as it is advanced into the side-branch vessel. Angled portion 39B 
of second guide wire lumen 39 A is angled to assist in rotating the side-branch catheter 
into proper position into side-branch vessel 5. If the stent approaches the side-branch 
vessel in the incorrect position, the stent-positioning wire 41 A would be forced to 

10 make a very acute angle. The wire stiffness, however, prevents this from happening 
and causes the wire to assume the position of least stress. To relieve this stress 
buildup, wire 41 A creates a torque on angled portion 39B causing guide wire lumen 
39A and side-branch catheter 31 with proximal angled stent 10 to rotate into the 
correct position. Once the proximal angled stent is positioned in side-branch vessel 

1 5 5, expandable member 35 is expanded so that the proximal angled stent expands into 
contact with side-branch vessel 5, making sure that proximal end 14 of proximal 
angled stent 10 covers and is aligned with the side-branch vessel 5 at bifurcation 4. 
Proximal end 14 is aligned so that it coincides with acute angle 18, thereby ensuring 
that all portions of side-branch vessel 5 are covered by the proximal angled stent, 

20 where side-branch vessel 5 meets main-vessel 6. An unobstructed blood-flow path 
now exists between expanded unmodified stent 60 and main-vessel 6 through the 
opening previously formed and into side-branch vessel 5 and through implanted 
proximal angled stent 10. 

Prior art devices that have attempted to first stent the main vessel and 

25 randomly select a stent cell to expand for alignment with the side-branch vessel, have 
generally failed. One such approach, known as the "monoclonal antibody" approach, 
as depicted in FIGS. 19D and 19E, depict what can happen when an inappropriate 
target stent cell is selected randomly and then expanded by a high pressure balloon. 
As shown in FIG. 19D, which is a view looking down side-branch vessel 5 in cross- 
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section a, a prior art stent 68, the physician random* selects stent oe.l 69 which is a 
sub^ P .ima,ccinoe XP andw i ,h.hebal.oo„F.riionofaca«he t cr.AsdepictcdmF 1 G. 

,9E after balloon expansion in the suboptimal cell 69, entry into the cell wtth a 
catheter may be impossible or, if accomplished, expansion of me balloon may be 
incomplete. The aperture created will be inadequate and major distort™ m the 
adjacent stent struts may occur. Consequences may include subacute thrombose or 
restenosis. With ,he present invention, as shown in FIGS. 19A-19C, the targe, stent 
cell 62 is the optima, cell for expansion, and is preselected with a wire in place before 
stent deployment (that same wire remaining in place for subsequent access), and > 
oriented optimally with respect to the side-brauch ostium prior to deployment. The 
resulting expansion as shown in FIG. 19F, guarantees an optimal aperture where the 
stent struts have been expanded providing a blood flow path from the main vessel to 

the side-branch vessel. 

In another alternative embodiment for stenting a bifurcation, as deptcted m 
FIGS 20A-20C, main-vessel catheter 70 includes expandable member 71 near ,* 
distal end, while the proximal end of the catheter (no. shown) is similar to .hose 
previously described and can be ei.her of the rapid-exchange or over-.he-w,re types. 
Catheter 70 indudes .racking guide wtre lumen 72 for s.idably receiving .raektng 
gnide wire 73, lumen 72 extending a, leas, partially through the catheter in .he raptd- 
) exchange configuration and all .he way through the catheter in the over-,he-w,re 
configuration. The catheter also includes a positioning guide wire lumen 74 that * 
associated with the catheter outer surface and extends onto and is attached to a. least 
a portion of expandable member 71 . As shown in FIG. 20A, positioning guide wtre 
lu me„74ex t endsalong,heexpandablememberandendsjus t a.«hedis B l te perofme 

■J expandable member. As depicted in FIGS. 20B and 20C, positioning gu.de w,re 
, u me„74canbeformedofrwosee.ions,„amelydi S .alsec«ion75a.tached to med,s B l 

tip of .he catheter, and proximal section 76 extending along and attached to me 
expandable member and .he ca.he.er. As previously described, guide wires 73,77 are 
incended to be relatively stiff wires so .ha. mey can more easily maneuver tire catheter. 
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In these embodiments, stent 78 is mounted on the expandable member and over 
positioning guide wire lumen 74. Positioning guide wire 77 is configured for slidable 
movement within positioning lumen 74. 

In one method of stenting a vessel just proximal to a bifurcation using main- 
vessel catheter 70, tracking guide wire 73 is first positioned within the main vessel as 
previously described. The catheter is then backloaded onto the guide wire by inserting 
the wire into the tracking guide wire lumen 72 and advancing the catheter into the 
patient's vascular system. At this point, positioning guide wire 77 resides within 
positioning guide wire lumen 74 and is carried into the main vessel where it will be 
released and advanced. Once the catheter has reached the target area, positioning 
guide wire 77 is advanced distally out of the positioning guide wire lumen (for FIG. 
20A) or pulled back slightly out of distal section 75 of the positioning guide wire 
lumen (for FIGS. 20B and 20C). Once released by removal of the guide wire, distal 
section 75 will spring out so that the positioning guide wire can seek out and be 
advanced into the side-branch vessel. Once the positioning guide wire is advanced in 
the side-branch vessel, the catheter is again advanced and the stent is implanted in the 
main vessel in a manner similar to that described for other embodiments. The catheter 
of FIGS. 20A-20C is designed to allow deployment of a stent very near but not 
"snowplowing" a bifurcation or side branch and is configured for treating bifurcations 
as depicted in FIGS. 23A-25B. A commonly encountered situation in which catheter 
70 would be used is an LAD that has disease right at and proximal to the diagonal 
take-off. After a careful look at multiple views, the physician should be convinced that 
the diagonal is spared, but the lesion is very close and or immediately adjacent to the 
diagonal take-off, as shown in FIG. 20D. It is very difficult to position a standard stent 
in the LAD and be certain that the lesion is fully covered and the diagonal is not 
snowplowed or jailed. The catheter 70, having one wire in the LAD (main vessel) and 
the other in the diagonal (side-branch vessel), would allow precise definition of the 
bifurcation and avoid these problems. Square stent 78A, which has both ends 
transverse to the stent axis, could be deployed just proximal to the carina, in which 
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case the stent distal end may need to be flared a bit, or more likely, relaxed back to 
where the positioning gurde wire 77 is resting against the proximal aspee. of the 
ostium, visually defining the ostium in relationship to the sten, and aflowing prec.se 

deployment. . 

Several altentative embodiments of maht-vessel catheter 70 shown ,„ FIG. 

20A are depicted in FIGS. 20E, 21 and 22. The catheter device shown m FIG. 20E 
is similar to that shown in FIG. 20A, win, the exception that ramp 57 is employedjust 
distal of the distal end of the guide wire lumen 74 so that as guide wire 77 ex.ts the 
tamen, it win move outward,y a,ong ramp 57 so that it more easily advances into the 
side-branch vessel Likewise, as shown in FIGS. 21 and 22, which are simflar to the 
catheter described and depicted in FIGS. 20B and 20C, it is intended rha. guide w,re 
77 moveoutwardlysoflrati. can moreeasrlybe advanced into the side-branch vessel. 
!„ tha, regard, the dista, end of guide wtre lumen 74 is biased outwardly as shown ,n 
HO 22, so that as the guide wire 77 is pulled back from lumen 75, the distal end of 
; guide wire lumen 74 will spring outwardly thereby assisting guide wire 77 in movmg 
radially outwardly to be positioned in the aide-branch vessel. 

,„ order ,0 implant a square main-vessel stent 78A in a main vessel, where 
«,e disease is a, or Jos. proximal to the side-branch vessel, catheter 70 as depicted ,n 
F,GS 2! and 22 is well suited. For example, catheter 70 is advanced over wtre 
0 u „ t ,Hheca 1 he«erisposi t ionedjus,proximalof«heside-branehve S sel.Gu,dew,re73, 
whichup.o,hi S poin,hasbeencon,aincdwi.hinca.he,er70,isadvaneedi„.ou,ema 1 n 

vessel so that i, is dista. of the stde-braneh vessel. Guide wire 77 is then withdrawn 
pro ximaHysotha,»sdis.a!end77Ais withdrawn from lumen 75, whereupon w,re 77 
and the distal end of guide wire .umen 74 spring outwardly thereby assisting the 
25 positioning of guide wire 77 into the side-branch vessel The wrre is then advance, 
int0 the srde-branch vessel and catheter 77 is advanced so that wire 77 rests on the 
pr0 xima, ostium of the side-branch vessel, wherein square stent 78A can then be 
expandcd,ocover,hediseasedpor.ion,bu,no,spanorcoveraail).heopenmg.o.he 



side-branch vessel. 



WO 01/39697 



PCT/US00/32262 



-41- 

If the diseased portion of a main vessel is directly adjacent the opening to 
the side-branch vessel, as depicted in FIG. 20F then the catheter system as depicted in 
FIG. 20A can be incorporated only it would implant distal angled stent 78B. As 
shown in FIG. 20F, stent 78B has an angle at its distal end which coincides with the 
5 opening to the side-branch vessel so that the diseased portion of the main vessel is 
covered by the distal end of the stent, with the angle of the stent angled proximally so 
that the side-branch vessel is not covered or jailed. Various alternatives of square stent 
78A and distal angled stent 78B are used for treating various conditions as depicted 
in FIGS. 23A through 26B. 

10 In another alternative embodiment as depicted in FIGS. 27-33, a dual 

balloon Y-shaped catheter assembly is provided to stent a bifurcation. In this 
embodiment, a Y-shaped stent is implanted to cover the bifurcation. Catheter 90 
includes first and second expandable members 9 1 ,92 that are configured to reside side 
by side (Y-shaped) for low profile delivery and to spring apart for implanting the 

1 5 stents. Locking ring 93 may be used to assist in holding the expandable members 
together until just prior to use, at which time it is removed. A guide wire lumen 95 
extends at least through a portion of the catheter and slidably receives guide wire 96. 
Guide wire lumen 98 extends at least through a portion of the catheter and slidably 
receives guide wire 99. Guide wire lumen 98 includes distal section 98A and 98B. 

20 A Y-shaped stent 1 00 is mounted on the first and second expandable members 9 1 , 92. 

In one method of stenting the bifurcated vessels, as shown in FIGS. 29 to 
33, guide wire 99, previously positioned distal to the bifurcation in one limb (perhaps 
the most vulnerable to problems for wire recrossing), is back loaded into lumens 98A 
and 98B and catheter 90 is advanced over wire 99 so that the catheter is advanced 

25 distally beyond the bifurcation. Guide wire 96 which has been contained in lumen 95 
to this point, is carried in lumen 95 as the catheter is advanced along guide wire 99. 
Wire 99 is then withdrawn until its distal end pulls out of the distal section 98A. As 
guide wire 99 is pulled back (proximally), the first and second expandable members 
91 ,92, which are normally biased apart, are released and now spring apart. The wire 
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whose lunten is most distant (lateral) .0 the bifurcation (in this case wire 96) is .hen 
advan ceain.o*edis. 1 ve S se,and,heo te w,re(in,hiscase99)wi,hdrawnasseen 

in fig 29B. The catheter is rhen widrdravm proximally so .ha, .he expand* 
ambers 9,,92 are now proximal .0 Ore bin.rca.ion as depicted in HO. 29C and .he 

as shown in FIG. 30. Ca.he.er 90 is titen advanced M over bo.b gutde wtre 9 
a„d 99 as shown in FIG. 3!, until s.en. 100 is positioned in .he bimrcattoo of the 
intersex of the vessels .05.106. Due to <he appropriate wire selection, rotahon ,of 
no m ore than 90' wi,. be retired. Sten. .00 is intp.anted by inflating expandaW 
,0 members 9. ,92 in a Know, ntanner. The expandab,e members are then deflated, an 
.hecameteriswimdrawnfiommepatient. The novel a^gemen, of gutdewu s 
a„d99and.heirrespec.ive.u m enspen»i,s i n g .euni«ranspor,ofaYs.e„,.o*ed,s tt 

^e-site withoutwire wrapping problems and Ual.ows fortmnima, rec,u,remenU o 
ro n,,ionof.hedeviee(.ess0,an90',forop. im a,dep.o y ™en,(a,,ow,ngnnn,n,a^ 1 s, 

15 defonnity). The gnide wires may be .eft in p.ace for ftulher intervention such as 
finishing dte stents w„h sintn.taneous high pressnre balloon inflahon. 

Referring to FIGS. 37-41, in ye. another alternative etnbod.ment, dte dua 

,20 The mandril is positioned within lumens 98A and 98B. It ts a.s„ contempt 
20 thatanassemblycanbeusedhaving^osepamtebaUoonsmatinflatesimul^eously. 
Imandn.shou,dbes„ ff e„ough.osecuree,pandab,members9,,92,oeacho,her. 

The mandri, may ex.end distal, of expandab,e member 92 and have an a— 
dist a> tip. Alternatively, it is contemplated .ha, Inmen 98A can be sealed a. „s d,^ 

25 members ,oge,her until jus, prior ,0 use, a, which time it is rentoved 

In „se, guide wi re 96,previously positioned dis,a. ,0 tire btfurcation .none 

ea.he.er is advanced ,0 a location proxtma.e me bifurcation. The mandn ,20 
earriedi„.umens9 8 Aand98Ba S ,hecathe,ertsadvanceda.onggn,dew.re96.When 
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the catheter reaches the bifurcation, the mandril 120 can be withdrawn until its distal 
end pulls out of distal section 98A. As the mandril is retracted (proximally), 
expandable members 91 ,92, which are normally biased apart, are released and spring 
apart, as illustrated in FIG. 39. The mandril 1 20 may now be removed from the patient 
5 and guide wire 122 inserted into lumen 98B. The guide wire 122 may then be 
advanced into the other limb of the bifurcation as shown in FIG. 40. Alternatively, the 
mandril may be a guide wire or guide wire-like element, and may itself be advanced 
into the limb, thus eliminating the need for guide wire 122. 

Catheter 90 is then advanced distally over guide wire 96 and guide wire 1 22 

10 (or mandril 120), until stent 100 is properly positioned in the bifurcation. Stent 100 
is implanted by inflating expandable members 91,92 in a known manner. The 
expandable members are then deflated, and the catheter is withdrawn from the patient. 

In an alternative embodiment of the invention, a pair of stents having 
varying stent cell density are implanted in a bifurcated vessel, as depicted in FIGS. 34- 

15 36C. 

As shown in FIG. 34, apertured stent 1 1 5 is provided in which aperture 1 1 6 
is positioned on its outer surface. Stent 1 1 5 includes heavy stent cell density 1 17 and 
light stent cell density 1 18 along its outer surface. As can be seen in FIG. 35, two 
stents 1 15 have been combined so that the light density of one overlaps the light 

20 density of the other causing the combined stents to create relatively uniform heavy cell 
density and thus providing relatively uniform heavy cell density over the entire 
bifurcated vessel wall. 

As shown in FIGS. 36A to 36C, two stents 1 1 5 are implanted to stent the 
bifurcation. For sake of clarity, as shown in FIG. 36A, apertured stent 115 shown 

25 implanted in the main vessel such that aperture 1 1 6 spans and provides an opening to 
the side-branch vessel while heavy stent cell density 1 1 7 provides full coverage of the 
distal main vessel by stent 115. As depicted in FIG. 36B, apertured stent 115 is 
partially implanted in the side-branch vessel and partially implanted in the main vessel, 
in this case with aperture 116 facing the continuing lumen of the main vessel. More 
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whil e m - *-Y > » > "> ^ ^ !" 

providing an opening for b,ood flow through ft. main vessef « is intended that ~ 
m be implant firs, as seen in F.G. 36A and that a second stent 115 subse q uenfly 
5 be planted as shown in 36B or, by physieian preference, this sequence may be 
reversed. Thus, i.F.G. 36C, both stents 1,5 have been implanted, and both aperurres 
Uaprovideopeningssothatblood flow is unimpaired throughboth main vesse,aud 
si de-branch vesse, and no stent struts are left unopposed. The fight stent cel, densrty 
portions 1.8 of bom 1 1 5 stents overlap proximal to the bifurcation, thereby tnsunng 

U 5 are implanted with the catheter delivery system described herein whrch mclude 
a positioning wire to accuracy position and imphmt me stents in me bifurcated 

' While me invention herein has been illustrated and descnbed in tenns of an 

, 5 apparatus and method for stenting bifl.rcn.ed vessels, it wil. be apparent to those 
ski Ucdin,hca rt tha,.heste„ E andde,iverysys,emshereincanbeusedin,hecoronary 

arteries, veins and other arteries throughout the patient's vascu.ar system. Certam 
dimensions and materials of manufacture have been described herein, and can be 
modified without departing from the spirit and scope of the invention. 
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1. A stent delivery assembly for implanting a Y-shaped stent in a 
bifurcated vessel having a side-branch vessel and a main vessel, comprising: 

a dual balloon Y-shaped catheter having a proximal end and a distal end, the 
catheter including a first expandable member having a proximal end and a distal end, 
5 the catheter further including a second expandable member having a proximal end and 
a distal end; 

a first lumen for receiving a restraining member, the first lumen extending 
through at least a portion of the catheter including the first expandable member; 

a second lumen for receiving a guide wire, the second lumen extending 
1 0 through at least a portion of the catheter including the second expandable member; and 

a restraining member positionable within the first lumen; 

wherein the first expandable member and the second expandable member 
are normally biased apart, but are restrained and held together by the restraining 
member to provide a low profile during delivery of a Y-shaped stent. 

2. The stent delivery assembly of claim 1, wherein the restraining 
member is a mandril. 

3. The stent delivery assembly of claim 1, wherein the restraining 
member is a guide wire. 



4. The stent delivery assembly of claim 1 , wherein the Y-shaped stent 
is removably mounted on the first and second expandable members. 



PCT/VJS00/32262 

WO 01/39697 

-46- 

5 Thestentdeliveryassemblyofclaiml.furtherincludin^ 
the second expandable member together prior to implantation of the Y-shaped stent. 



6 The stent delivery assembly of claim 1, wherein the first lumen 
includes a distal section, a portion of which extends through at least a portion of the 
second expandable member. 

7 The stent delivery assembly of elaim 6, wherein the restraining 
.ernberextendsthroughdrefrratlnrnenfonndonmefirstexpandabler^mberandthe 

portion of the lumen on the second expandable member ,„ ho.d the firs, and seeond 
expandable members together until the assembly is to be deployed. 

8. A method of stenting a bifurcated vessel having a bifurcation, a firs, 
vessel braneh, and a second vessel braneh, comprising me s,eps of: 

providing a dual balloon Y-shaped ca,he,er having a proximal end and a 
d is ,ale„d,meea,he,erinc.udingafirs,expandab,ememberhavingaproxima,endand 

a distal end, me ca,he,er farmer including a second expandab.e member hav.ng a 

proximal end and a distal end; 

providing a firs, lumen for receiving a restraining member, the firs, lumen 
extending through a, leas, a portion of the cameter including me firs, expandable 

, providing a seeond lumen for receiving a guide wire, the seeond lumen 

ex,ending through a, leas, a portion of the catheter including .he second expandable 
member; 
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providing a Y-shaped stent mounted on the first and second expandable 

members; 

1 5 providing a restraining member and positioning it within the first lumen 

such that the first expandable member and the second expandable member are 
normally biased apart, but are restrained and held together by the restraining member; 

providing a guide wire and positioning the guide wire distally of the 
bifurcation in the first vessel branch; 
20 loading the guide wire into the second lumen; 

advancing the catheter over the guide wire so that the catheter is advanced 
proximate the bifurcation; 

withdrawing the restraining member proximally until the first expandable 
member and the second expandable member are released and spring apart; 
25 advancing a wire distally through the first lumen into the second vessel 

branch; 

advancing the catheter distally over the wire and guide wire until the Y- 
shaped stent is positioned at the bifurcation; 

implanting the Y-shaped stent by inflating the first and second expandable 

30 members; 

deflating the first and second expandable members; and 
withdrawing the catheter, wire, and guide wire. 

9. The method of claim 8, wherein the wire that is advanced through the 
first lumen into the second vessel branch is a guide wire. 



1 0. The method of claim 8, wherein the wire that is advanced through the 
first lumen into the second distal branch is the restraining member. 
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H The method of claim 8, further comprising the step of providing a 
removable locking ringto assist in holding the first andsecond expandable members 
together prior to implantation of the Y-shaped stent. 
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